Abstract-The Baltic Sea coast is characterized by a large frequency of days with biometeorologically adverse effects. In many Polish and foreign studies there are issues related to the increase in the frequency of warm days, hot days, and heat waves. The present study introduces the characteristics of thermal conditions on the Polish coast in the 1966-2015 multiyear period, as well as the identification of circulation conditions favoring the occurrence of extremely warm periods. The analysis included the maximum temperature data (obtained from five measurement stations), on the basis of which the characteristics such as: average maximum air temperature, sum of maximum air temperatures occurring in summer, warm days (T max >25 °C), hot days and heat waves (T max >30 °C) were determined. The existing thermal classification proposed by Lorenc (2000) was also used in relation to the maximum daily temperature. In addition, there appeared a topic of atmospheric circulation regarding the determination of conditions for the occurrence of exceptionally warm months (mean T max >T s +1.5σ). The research results indicate an increase in the average maximum temperature (T max ) in the summer season in 1966-2015. The changes are particularly visible in the western part of the research area (0.43 °C/10 years). Furthermore, the observed warming was translated into a higher occurrence of warm and hot days, which was discussed by other authors in the context of the whole of Poland. The occurrence of exceptionally warm months has reached the maximum frequency in the last 15 years, which is associated with positive anomalies of the sea level pressure and the 500 hPa isobaric surface. Periods of occurrence of the above mentioned anomalies were related to the presence of high pressure systems and the advection of air masses from the eastern sector (according to the presented T850 maps).
Introduction
According to the bioclimatic regionalization of Poland, the Baltic Sea coast is classified as a coastal region and is considered the strongest stimulus (Kozłowska-Szczęsna et al., 1997) . The coastal bioclimate stands out from other climates due to the predominance of climatic stimuli associated with the greater impact of the cooling air value due to the combined effect of low temperature, higher wind speed and air humidity (Kolendowicz et al., 2018) . In this region, about 40% of days a year are considered burdensome in terms of biometeorological conditions (Kozłowska-Szczęsna et al., 2002) .
The climate change observed today, manifesting itself, among others, through the increase in air temperature (IPCC, 2013 ) is of particular importance in regions that are heavily used for tourism. In Poland, the seasonality of tourist traffic is conditioned mainly by the climate and weather changes during the year (Stasiak, 2011; Koźmiński and Michalska, 2016a) . According to Krzyżewska (2010) , extreme weather phenomena cause not only a decrease in profits from tourism, but also pose a threat to human life and health. This has been particularly important in the last decades, in which an increase in the frequency of hot days and heat waves is observed (Sulikowska et al., 2016; Tomczyk and Bendorz, 2016; Tomczyk and Sulikowska, 2017) , which results in a significant increase in the number of deaths caused by biometeorological conditions affecting human body systems (Kuchcik, 2001; Paldy and Bobvos, 2009; Bobvos et al., 2015; Revich et al., 2015) . The progressive climate warming will also have a positive impact by extending the summer tourist season mitigating the seasonality phenomenon and, consequently, also the environmental nuisance (Koźmiński and Michalska, 2016a) .
Tourism plays a special role in the socio-economic development of coastal towns, where services related to the organization and operation of tourism are the main sources of income (Jażewicz and Rydz, 2001; Matczak and Rydz, 2001; Schwichtenberg, 2006; Jażewicz, 2011; Parzych, 2011) . Taking into account the Schneider's index (Warszyńska, 1985; Szromek, 2012) , it follows that for 2016, its highest values were reached by voivodships located in the northern part of the country (Central Statistical Office Report, 2017) . Comparing the data from 2004 and 2014, the sustainable development of the tourist function was confirmed in the following voivodeships: the Pomeranian, West Pomeranian, and WarmianMasurian (Koźmiński and Michalska, 2016b) .
Bearing in mind the increase in the intensity of tourist traffic in northern Poland, it is reasonable to analyze the thermal conditions and their changes. In connection with the above, the following objectives were adopted: 1) characteristics of thermal conditions on the Polish coast of the Baltic Sea in 1966-2015; 2) characteristics of circulation conditions for the occurrence of exceptionally warm months in 1966-2015.
Data and methods
The article uses the daily values of maximum air temperature (T max ) from 1966 to 2015 for five stations located on the Polish coast of the Baltic Sea (Fig. 1) . The data was obtained from the resources of the Institute of Meteorology and Water Management -National Research Institute. Based on the collected data, the basic characteristics were calculated, i.e., the average maximum air temperature in the summer seasons (June-August), as well as the warm (T max >25 °C) and hot days (T max >30 °C) and heat waves were determined. Heat wave was defined as a sequence of at least 3 hot days. In addition, a thermal classification proposed by Lorenc (1994) was carried out for months and seasons.
The Lorenc classification is determined by classical measures based on a standardized deviation from the average air temperature. The original Lorenc classification (1994) was based on a 9-class assessment of the average annual air temperature. Then it was extended to 11 classes (Lorenc and Suwalska-Bogucka, 1996; Lorenc, 2000) and applied to assessment of thermal conditions shorter than one year. The assumptions of this method were used in the classification of average values of monthly, annual, and seasonal air temperatures used in the Institute of Meteorology and Water Management -National Research Institute. Despite the existence of other methods for determining thermal classification and the fact that this method has advantages and disadvantages (Czernecki and Miętus, 2011) , it was used for the purposes of this article because it is applicable when determining the results for the average maximum air temperature. For the period 1966-2015, individual thermal periods were defined, with distinction between monthly and seasonal values, for the reference period 1971-2000. Detailed criteria for determining periods and their names are presented in Table 1 . Table 1 . Thermal classification of months, seasons and years according to Lorenc (2000) where T y is the average annual air temperature, T avg is the average air temperature in the multiyear period 1971-2000, and σ is the standard deviation.
In addition, the circulation conditions for the occurrence of exceptionally warm months, i.e., months with an average T max >T s +1.5σ, were analyzed. According to the Lorenc thermal classification, exceptionally warm months included very warm, anomalously warm, and extremely warm months. In order to determine the pressure conditions, the daily values of atmospheric pressure at sea level (SLP), the height of the 500 hPa isobaric surface (z500 hPa) and the air temperature at the 850 hPa isobaric surface (T850) were used. Data was obtained from the National Center for Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR) reanalysis (Kalnay et al., 1996) , which are available in the archives of the NOAA ESRL PSD (Earth System Research Laboratory Physical Science Division). On the basis of the aforementioned data, there were averaged maps drawn up for the sea level pressure, together with maps of height of 500 hPa isobaric surface and temperature at the 850 hPa isobaric surface, as well as maps of anomalies. Anomalies were calculated as the difference between average values of individual parameters of selected months and average values for those months from the entire multiyear period. In addition, the Großwetterlage circulation calendar was used to characterize the atmospheric circulation. 
Results

Average T max in summer
The average maximum air temperature in the summer season on the Polish coast of the Baltic Sea in the years 1966-2015 ranged from 20.1 °C in Łeba and Ustka to 21.1 in Świnoujście. The lowest average summer T max ranged from 18.0 °C in Łeba to 19.2 °C in Świnoujście. The coldest seasons were primarily in the first half of the analyzed multiyear period and took place in 1974, 1987 , and also in 1993 (Fig. 2) . In turn, the highest average T max ranged from 22.2 °C in Łeba, Ustka and Kołobrzeg, to 23.6 °C in Świnoujście. The warmest seasons were in 1992, 2002 and 2006. The course of the average T max in the analyzed years showed its considerable year-to year fluctuations. In the prevailing area, the variability of the mean T max was similar, as evidenced by the low variation in the standard deviation values falling within the range of 0.9-1.0. The analyses showed a statistically significant increase in T max , ranging from 0.20 °C/10 years (Hel) to 0.43 °C/10 years (Świnoujście). T max changes in the first decade of the 21st century had a significant impact on the increase, when T max generally exceeded the standard from the years 1966-2015.
In June, the average T max ranged from 18.2 °C in Ustka to 19.5 °C in Świnoujście. In all stations an increase in T max was observed, which was from 0.01 °C/10 years in Hel to 0.32 °C/10 years in Świnoujście, and only at this station the changes were statistically significant. In July, the average Tmax changed from 20.9 °C in Łeba to 21.9 °C in Świnoujście. In each station there was a statistically significant increase in T max and it changed from 0.30 °C/10 years in Hel to 0.52 °C/10 years in Świnoujście. In turn, in August the average T max ranged from 21.0 °C in Łeba to 21.1 in Świnoujście. Apart from Hel, T max changes were statistically significant, ranging from 0.21 °C/10 years in Hel to 0.46 °C/10 years in Świnoujście. 
Characteristic days and heat waves
The total number of warm days (T max >25 °C) in the analyzed multiyear period fluctuated from 455 in Łeba to 560 in Świnoujście, which gives an average of 9.1 and 11.2 days, respectively, in the season. The smallest number of warm days in the season ranged from 0 in Ustka to 3 in Świnoujście and was recorded mainly in 1977 (Fig. 3) . The exception was the station in Hel, where the smallest number was recorded in 2008. In addition, in Świnoujście, the same number of warm days as in 1977 was found in 1968. In turn, the highest number of warm days, apart from the station in Łeba (2002), occurred in 2006. At the individual stations, the highest number of warm days ranged from 20 in Łeba and Kołobrzeg to 29 in Świnoujście. In the analyzed multiyear period, an increase in the number of warm days was observed, which ranged from 0.5 days/10 years in Łeba to 1.2 days/10 years in Świnoujście. Statistically significant changes were recorded in Ustka, Kołobrzeg, and Świnoujście.
The total number of hot days (T max >30 °C) changed from 22 in Hel to 113 in Świnoujście. More than 100 days were also recorded in Ustka and Kołobrzeg. At each station, seasons without hot days were recorded and they occurred mainly in the first half of the analyzed multiyear. The maximum number of hot days in the season ranged from 5 in Hel to 9 in Kołobrzeg and Świnoujście. The days of the above category were most frequently recorded in the summer of 1992, 1994 and 2010 (Fig. 3) . Hot days were most often recorded in July, and their share fluctuated from 42% in Świnoujście to 72% in Hel. In all stations there was an increase in the number of hot days, although statistically significant changes were found only in Świnoujście (0.6 days/10 years).
From among the hot days, heat waves were separated into sequences of at least 3 hot days. In the analyzed multiyear period, the smallest number of waves occurred in Hel, only 1, while the largest number was found in Świnoujście -4 waves. The heat wave that occurred at the same time at all stations was the wave of the first half of July 2010. The longest wave occurred in Świnoujście and lasted 5 days, from July 9 to 13, 2010. 
Thermal classification
For the daily maximum air temperature in 1966-2015, thermal classification of the summer months and the season was made ( Table 2) . Colder and warmer decades can be clearly distinguished. The period of 1966-1971 was characterized by the occurrence of lower temperatures, especially in the western part of the discussed area. 1974 turned out to be exceptionally cold, when the anomalously cold and extremely cold months occurred. In the years 1977-1981, the occurrence of temperatures below the normal range (cold, very cold) was again noticeable. However, during this period, June was different -at all stations the month was usually described as normal. The next colder period was [1984] [1985] [1986] [1987] . Then from the 90s, there were no colder subsequent years observed. The year 1993 was extremely cold, when the summer period was classified as very cold and anomalously cold. The years 1995-2001 were characterized by rapid changes in temperature; there were months both extremely warm (1997) and anomalously cold (1998). The first decade and the middle of the second decade of the 21st century were marked as normal and slightly warm. At that time there were months both extremely warm and anomalously warm (July 2006), anomalously warm and very warm (July 2010) as well as cold and very cold (June 2009). Considering the entire period under consideration, the occurrence of maximum temperatures classified as colder than the standard is noted int he period , and warmer months than the standard occured in the years 1992-2015. There is also a spatial differentiation of the classification distribution in the years 1966-1971 for warmer eastern stations and colder western ones. 6 7 9 7 6 8 11 7 5 7 9 6 4 6 8 6 5 6 1972 7 6 8 7 6 6 7 7 4 5 6 5 5 5 6 6 6 5 7 6 1973 6 6 6 6 6 6 6 6 5 6 6 6 6 6 6 6 5 6 6 6 1974 10 8 6 9 11 8 6 10 10 8 6 9 10 9 6 9 10 9 6 10 1975 11 6 6 7 10 6 5 7 9 6 5 6 10 6 5 6 7 5 4 5 1976 6 6 8 7 6 6 7 7 8 6 7 7 8 6 7 8 7 6 7 7 1977 6 9 10 10 6 9 10 10 6 9 9 9 6 9 9 9 5 8 8 8 6 6 6 6 5 6 6 6 6 6 7 6 6 6 8 6 6 6 1983 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 5 6 6 1984 9 8 6 8 9 8 6 8 10 8 6 8 10 9 6 9 10 8 6 9 1985 10 6 7 8 9 6 6 8 8 7 7 8 9 6 7 8 9 7 7 8 1986 8 6 8 7 8 6 7 7 6 6 7 7 7 6 7 7 6 6 7 7 1987 8 8 10 10 8 7 9 10 8 8 9 10 8 9 9 10 8 8 10 10 1988 7 6 7 7 7 5 6 6 7 5 7 6 6 6 7 6 6 6 6 6 1989 6 6 7 7 6 6 7 7 7 6 7 7 7 6 7 7 6 6 7 6 1990 6 7 6 6 5 8 6 6 3 6 6 5 4 6 6 6 3 7 6 5 3 7 6 6 2008 5 6 6 6 6 6 6 6 6 6 6 6 5 6 6 6 5 6 6 6 2009 8 5 4 6 9 5 5 6 8 5 5 6 9 5 5 6 9 6 6 7 2010 6 2 6 4 7 3 6 5 6 3 6 4 6 3 5 4 6 3 5 4 2011 5 8 6 6 4 7 6 6 4 6 6 6 4 6 6 6 4 6 6 6 2012 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 6 6 6 2013 6 6 5 6 5 6 5 5 5 6 5 5 5 6 6 5 4 6 6 5 2014 6 6 6 6 6 4 6 5 6 5 6 6 6 4 6 5 6 4 6 5 2015 7 6 4 6 6 6 3 5 7 6 3 6 7 6 3 6 6 6 4 6
Very warm months and their circulation conditions
In the analyzed multiyear period, the total number of exceptionally warm months ranged from 5 in Świnoujście to 9 in Łeba. Most of these months occurred in the last 15 years. The number of Junes classified as exceptionally warm months ranged from 1 in Ustka to 3 in Hel, Łeba, and Kołobrzeg. Among the months that were classified at more than one station, Junes of 1966 Junes of , 1979 Junes of , 1992 Junes of , and 2007 should be mentioned. In addition, June of 2003 and 2006 were also classified at one station. The situation was different in the case of July, because no exceptionally warm month was found at any stations. At two stations (Kołobrzeg, Świnoujście), two exceptionally warm months were recorded, while there were three warm mounths at the other stations. It was July of 1994 July of , 2006 July of , and 2010 . In turn, the number of Augusts classified as exceptionally warm months changed from 1 in Świnoujście to 3 in Łeba and Ustka. These months occurred in 1997, 2002, and 2015.
The occurrence of exceptionally warm months in June was connected with a ridge of high pressure lying across Europe, within which a local high-pressure area was formed with its centre over the Baltic Sea (>1015 hPa) (Fig. 4) . Over Central and Northern Europe, the SLP was higher than the average in June in the analyzed multiyear period, and in the center of the system it was >2 hPa. The SLP anomalies over northern Poland ranged from 0 to >1.5 hPa. Contour lines of isobaric surface 500 hPa over Central Europe bent northward creating its clear elevation, and that indicates the presence of warm air masses on the analyzed days. The majority of the continent was within the range of the z500 positive anomalies. Over the research area, it settled 30-40 m higher. This system generated the advection of warm and continental air masses from the southeast sector. The settling air masses were much warmer than the average in June, as indicated by the positive T850 anomalies, whose center (>2 o C) stretched from southern Poland to the Norwegian Sea. According to the Großwetterlage circulation calendar, the HNFZ (Norwegian Sea/Fennoscandia High), BM (Central European Ridge), and HB (British Isles High) types were recorded much more frequently than the average in the analyzed months. Similar pressure conditions caused exceptionally warm months in July. As in the case of June over Europe, there was a high-pressure ridge with a local high pressure area over the Baltic Sea (>1018 hPa) (Fig. 5) . At the time the SLP over the major part of the continent was higher than the average in July, maximum >5 hPa. Over northern Poland, the anomalies ranged from 3.5 to 4.5 hPa. Contour lines of isobaric surface 500 hPa over Central Europe bent north-eastward creating its clear elevation, and that indicates the presence of warm air masses in the analyzed months. Over the research area the z500 values settled higher than the average in July by about 100 m. The described situation provided the inflow of air masses from the south-east, much warmer than the average, as evidenced by the T850 anomalies, which over northern Germany was >3.5 °C. According to the Großwetterlage circulation calendar, in the analyzed months, BM (Central European Ridge), TRW (Western Europe Trough), and HB (British Isles High) types were observed much more frequently than the average. The occurrence of exceptionally warm months in August was connected with a ridge of high pressure lying across Europe, within which an extensive highpressure area was formed with its centre over Estonia and the Gulf of Finland (>1019 hPa) (Fig. 6) . In the center of the system, the SLP was higher than the average in August by >6 hPa, and over northern Poland by 1.5-3.5 hPa. As in previous months, the contour lines of isobaric surface 500 hPa bent northward. Over the research area, it settled higher than the average by 70-85 m. This system caused the advection of air masses from the eastern and southeastern sectors. Much warmer air masses than the average in August covered the central and northern part of the continent. Over the northern part of Poland, T850 anomalies were approximately 3 °C. According to the Großwetterlage circulation calendar, HFA (Fennoscandian High, anticyclonal) , HFZ (Fennoscandian High, cyclonal) , SWA (Southwest Circulation, anticyclonal), and TM (Central European Low) types were noted much more frequently in the analyzed months than average. 
Discussion and summary
The research confirmed the increase in the mean T max in the summer season in 1966-2015. The most intense changes were recorded in the western part of the Polish coast of the Baltic Sea and in Świnoujście, and these were 0.43 °C per 10 years. The previous studies of changes in air temperature, both average annual and average air temperature in particular seasons, have clearly indicated the increase (Tylkowski, 2013; Tomczyk and Bednorz, 2014) . The size of these changes is strongly dependent on the adopted multiyear period. Numerous studies also confirm the warming of other Polish regions (Michalska, 2011; Wójcik and Miętus, 2014; Owczarek and Filipiak, 2016) . When analyzing the spatial distribution of air temperature increase, it can be shown that the northern and western regions of the country are getting warmer a bit more intensively (Biernacik et al., 2010) . A common feature is the most intense warming in spring and summer (Wójcik and Miętus, 2014; Owczarek and Filipiak, 2016) .
The observed warming is also translated into an increase in the frequency of warm and hot days. The statistically significant changes in the case of warm days were recorded in Ustka, Kołobrzeg, and Świnoujście, while in the case of hot days only in Świnoujście. Similarly, Tomczyk and Bednorz (2014) found an increase in hot days on the southern coast of the Baltic Sea. These authors adopted a definition of characteristic days based on relative thresholds (the basis was the 95th percentile of T max ), and not on absolute values as in this article, which resulted in showing different rates of change. The increase in the number of warm and hot days has been demonstrated in numerous studies concerning the area of Poland (Ustrnul et al., 2010; Tomczyk, 2014; Owczarek and Filipiak, 2016; Sulikowska et al., 2016; Bartoszek and Krzyżewska, 2017) , as well as other European regions (Avotniece et al., 2010; Kundzewicz and Huang, 2010; Kažys et al., 2011; Tomczyk and Bednorz, 2016; Tomczyk and Sulikowska, 2017) . The increasing occurrence of warm and hot days has been also translated into the more frequent occurrence of heat waves. The changes taking place have been thoroughly documented by research from Poland (Sulikowska et al., 2016; Bartoszek and Krzyżewska, 2017) as well as Europe (Shevchenko et al., 2014; Tomczyk, 2016; Tomczyk and Bednorz, 2016; Spinoni et al., 2015) .
The conducted research also showed more frequent occurrence of exceptionally warm months, most of which occurred in the last 15 years. The more frequent occurrence of months and seasons above the standard is indicated in studies by Twardosz and Kossowska-Cezak (2013) . According to these authors, currently observed warming occurs primarily through the increasingly frequent appearance of extremely hot summers, not through the disappearance of extremely cold summers.
The influence of atmospheric circulation on thermal conditions and the occurrence of thermal extremes have been the subject of great interest for many years (Kažys et al., 2011; Unkašević and Tošić, 2015; Tomczyk, 2016) . The occurrence of exceptionally warm months was associated with positive anomalies of the sea level pressure and the height of the 500 hPa isobaric surface, which indicates the presence of high pressure systems. During their occurrence, the advection of warm air masses from the eastern sector took place, which was also confirmed on the maps of T850 anomalies. The obtained results are consistent with earlier studies on circulation conditions for the occurrence of days with extreme temperatures, including heat waves in various regions of Central Europe. The occurrence of heat waves on the southern coast of the Baltic Sea was associated with anticyclonal circulation ensuring the advection of warm, continental masses from the southeast and northeast (Tomczyk and Bednorz, 2014) . As established by Tomczyk and Bednorz (2016) , the occurrence of heat waves in Central Europe was associated with three different types of circulation. In addition to the two types associated with high pressure systems, the occurrence of heat waves was possible during the settling of low pressure center, with its center west of Ireland. Kažys et al. (2011) showed that 1/3 cases of extremely hot weather in Lithuania were related to the advection of air masses from the southeast. A similar direction of inflow of air masses was distinguished for Latvia (Avotniece et al., 2010) and Estonia (Jaagus, 2006) .
